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Points of view 


KANSISTORS figure very much in the news today and for many people, 
these devices have achieved an almost mystical importance. Whenever 
new equipments are discussed, the first question that is asked is—'will 
it be transistorized?” 

To use them in portable equipment, or where power consumption is 
important, is obvious. For many static installations these considerations 
arc not always important and the use of transistors should be considered 
primarily іп terms of the other advantages that may be obtained 
Where а reduction in maintenance is considered vital, the use of transis 
tors could be a useful means of achieving this end. 

‘As an example of this approach to transistorization, one could take 
a receiver of the commercial type—which could be in almost any fre 
quency band. Such a receiver employs a very large number of valves 
working in complex circuits, These are mounted on fairly big chassis 
and this fact alone makes maintenance a complex task, Maintenance 
could probably be simplified if the arrangement of circuits on any one 
chassis could be broken down into functional units, thus assisting 
diagnosis and making it easier to replace components or even complete 
units. 

IF this is attempted with thermionic valves; it is often found that the 
space requirement increases and this can bring about other complica- 
tions. If the frequencies are high, the breaking-up of the equipment into 
functional units, cach one of which is fairly big, often introduces prab- 
Jems of cross-talk or leakage. 

If, however, transistors arc used, it is more likely that the units can 
be reduced to small proportions and there are fewer limitations to the 
shape and physical layout of the unit. Thus, transistors offer the designer 
an opportunity to break down into small compact units, cach onc of 
which is performing a clearly defined function in the equipment or the 
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system. The use of transistors also lends itself very well to the use of 
small printed boards for the wiring and in some cases also for the 
components. 

The advent of transistors can therefore make possible a completely 
new approach to the design of equipment with a view to considerably 
reducing maintenance required in the field. There is probably little 
virtue in taking any known electronic or radio device and converting 
it from the use of thermionic valves to transistors, unless at the same 
time there is an entirely new approach to the mechanical format of the 
equipment. 

Even so, in changing to transistors we must remember that the small 
thermionic valvc is an extremely reliable device and it would be unwise 
to render some existing equipment obsolete unless the new design using 
transistors makes a very substantial step forward in terms of reduced 
maintenance cost and increased reliability. It is not enough that future 
designs, using a new mechanical format and transistors, should be only 
marginally better than those in use today. The step forward must be a 
massive one which gives a radical improvement. 

Designers and manufacturers of high grade radio communications 
equipment are sometimes mildly criticized for not introducing transis- 
tors more rapidly. Herein lies part of the answer. It can well be a case 
of ‘more haste— less speed’. ANC. 


On the end of a chapter 


ох бтн JULY 1960, a chapter of Marconi history came to a close, At 
а private ceremony held in Marconi House, London, Lord Nelson of 
Stafford, Chairman of Marconi's Wireless Telegraph Company Limited, 
presented the title deeds to some 4o acres of land at Poldhu, in Cornwall, 
to the National Trust,* thus severing the last physical link between the 
Marconi Company and the world-famous radio station which had 
formerly existed on this site. In view of the vital rôle played by Poldhu 
in the story of point-to-point communication, it seems appropriate to 
mark the occasion by a brief note on its history, 

In June 1896, at the age of 22, Guglielmo Marconi filed his first patent, 
and in the following year his Company was formed. During the next 
three years, many practical demonstrations were given, and the British 
Admiralty sufficiently impressed to order equipment. These demonstra- 
tions had all taken place over comparatively shart distances. Eminent 
scientists, basing their opinion on the known similarity of the properties 
of wireless waves to those of light waves, were convinced that the 
curvature of the санд would limit their range approximately to the 
optical horizon, no matter what power was employed, even allowing for 
the long-established diffraction effect. Professor Popoff, a distinguished 
contributor to the early experimental art of electromagnetic wave 
generation and propagation, belonged to this school of thought as late 
as 1901. (There is no doubt that he did not appreciate the significance of 


The National Trast is a private body formed in ios 10 preserve places of historie interest 
or natural beauty in the United Kingdom. 
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The ceremony beld ut Marconi House in the Strand when the tite deeds of the Poldhu site 

were handed over hy Lord Nelson of Stafford to Бан De La Warr af the National Trust 
ight: Sir Godfrey Ince, Chairman of Cable & Wireless Ltd, Sir Ronald German. 

val of the GIO, Lord Nelson of Stullotd, Earl De La Warr and Mr C. S, Franklin 


Left ta 


Director C 


the vertically polarized ground wave, on which the success of Marconi's 
experiments was based, for long distance propagation.) At the same time 
as cstablished s 
imitators were putting forward counter claims. 

It was in this controversial atmosphere that Marconi decided that the 
future of wireless telegraphy as a medium for long distance communica- 
tion could only be assured by a convincing and dramatic demonstration 
of its potentialities. He decided that nothing less than to bridge the 
Atlantic would meet the situation 

For there to be any chance of success it was apparent that an unob. 
structed oversea path was essential. Cornwall, in the South West of 
England, must have quickly suggested itself as a location, and the ideal 
site was found at Poldhu Point, a few miles north of the Lizard, near the 


ntists expressed their caution, other inventors and 
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small village of Mullion. Construction of the station buildings began in 
October 1900. Professor J. A. Fleming, rs, a well-known authority on 
high-tension alternating current work, and later the inventor of the 
thermionic diode, had been appointed scientific adviser to the Marconi 
Company and was mainly responsible for the design of the transmitting 
equipment. At thé time there was no technique available for the accurate 
measurement of power and wavelength at high frequencies. but the 
evidence suggests that the power to the aerial was probably about rokW. 
and the wavelength somewhat less than 2000 metres. In any event, the 
transmitter power was of the order of 100 times greater than anything 
previously attempted, so that considerable problems had to be faced. 
cvertheless, the equipment was ready for preliminary trials by January 


1901. 
The first long-distance tests, using a temporary transmitting aerial, 
were carried out between Poldhu and Crookhaven, 225 miles (360km) 


wer: The aerial system originally erected for the Transatlantic test consisted of twenty 
зоо 101 masts erected in a circle, It was wrecked by a gale shortly before tha experiment 
was made 


kien: The rgo foot masts supporting a 60 wire fanshaped aerial which replaced the original 
circular system intended for the Transatlantic experiment 
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away on the west coast of Ireland, and were very successful. Work 
continued but on ryth September there was a serious setback when a 
heavy gale destroyed the aerial and mast system intended for the Trans 
atlantic test. It was replaced by a less elaborate aerial consisting of a 
vertical fan of 60 wires suspended between two 140 foot masts. After all 
was ready at Poldhu, Marconi sailed for Newfoundland on 27th Novem 
ber with his two assistants, Kemp and Paget, arriving on 5th December. 


gnal Hill, Newloundlard, in readiness to receive 
antic wireless signal, December 1901 


Freeting the kite aerial at 
the first Transa 


By oth December, their preparations for a temporary receiving station 
at St John’s were sufficiently far advanced for instructions to be sent to 
Poldhu to begin the transmission programme on the 11th. This was to 
consist of continuous repetitions of the Morse letter 'S' between 3 and 7 
p.m. GMT, The next day was spent in experiments with kites, as purely 
temporary means of supporting the aerial were to be used, and one was 
successfully flown with боо feet of wire. It was found that variation of 
the aerial capacity as the kite rose and fell prevented the effective use 
of tuned circuits, so Marconi decided to fall back on reception with a 
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The transtaitter at Poldhu with which the first wireless sigral 
was transmitted across the Atlantic 


self-restoring mercury coherer and telephone earpiece, transformer 
coupled to the aerial circuit 

On the 11th December, when the transmissions began, an already 
strong wind increased in force and а balloon which was to be used for 
supporting the aerial was carried away and lost. It was decided to try 
again with kites on the following day. Thursday, r2th December. This 
time, after losing one kite in a squall, the second attempt was successful 
and faint bur unmistakable signals were first heard. by Marconi and 
Kemp, through the atmospherics, at 12.70 p.m. local time and again 
at 1.10 and 2.20 p.m. In the light of present-day knowledge oi propaga- 
tion conditions, and considering the crudity of the apparatus used and 
the magnitude of the difficulties experienced, it was a great achievement 
to gain success on only the second day of trans 


vision. 
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However, there was tobe much hard work and many disappointments 
before the system was developed to the point of commercial success. A 
more powerful station than Poldhu was constructed on the Canadian 
cast coast at Glace Bay, Cape Breton Island, and for a time Poldhu became 
the receiving station. It was found possible to transmit coherent mes- 
sages, although frequent repetition was necessary and the first official 
messages 10 receive publicity were sent on 20th December 1902, ad- 
dressed to the Kings of Great Britain and Italy. Improvements were 
continuously being made to the equipment. and by August 1903 Poldhu 
Was transmitting again, The indications were that still more power and 
still lower frequency, necessitating bigger aerials, were necessary to 
provide a reliable service. 

By the time a public Transatlantic telegraph service was inaugurated 
at the end of 1907, operations at the castern end of the path had been 
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есіп Marconis diary for 13th and isth December, 1991, are in ink, 
notes which appear over che original entries relate to subsequent 
experiments 


The entry in Kemp's diary recording the success of the Transatlantic experiment 
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transferred to Clifden in Ireland, where more space was available and 
the range somewhat reduced, Meantime, in 1905 Poldhu became a 
commercial telegraph station in communication with other Marconi 
stations in Europe and serving ships on the Transatlantic routes with 


news, commercial, private and navigational messages. 

Poldhu continued in this réle until the outbreak of war in August 
1914. During this period the equipment was kept in step with the latest 
developments. The original 150 foot stayed masts were replaced in 
1902 by four 210 foot wooden towers, supporting an aerial system in the 
shape of an inverted wire pyramid. Steel tubular masts were crected in 
1912. The original transmitter had two oscillatory circuits in series, 
each with its own fixed spark gap, but one of these was soon removed, 
This transmitter was shortly afterwards replaced by one employing 
Marconi's rotary spark gap. more constant in action than the fixed gap, 
but still giving a very rough note. By 1912 the synchronous spark 
apparatus was in use, developing the familiar steady musical tone with 


The Paldhu transmitter by 1914 
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which the station came to be identified. When war began, Foldhu, in 
common with other of the Marconi Company's communications stations, 
was placed under Government control. With its staff supplemented by 
Services personnel, it played a particularly vital part ia maintaining 
communications with the Atlantic convoys, and was also used each night 
10 broadcast official news bulletins. After the war the station reverted 
10 its prewar rôle, hut obsolescence of the equipment led to its closing 
down in June 1922. 

Meanwhile, there had been developments in connection with the 
commercially useless" short waves of 200 metres and under, In 1920 
C. S. Franklin set up a telephone circuit between Hendon and Birming- 
ham on 1 -metres, which worked very well for many hours а day. About 
the same time Captain Round was in charge of tests tetween Southwold 
and Holland on тоо metres. British and American amateurs organized 
tests in. 1920 and 1921 with the object of discovering whether 200 
metre waves would span the Atlantic by night. In December 1521 a score 
of U.S amateur stations were identified in the British Isles, onc of which 
succeeded in transmitting a complete message. 

Despite the great interest aroused at the time, these results were soon 
dismissed by the commercial interests as of no lasting value for long- 
distance communications. Again it was Marconi, without any theoretical 
support. Who had the breadth of vision to put the matter to the test. in 
1922 he decided to carry out extensive trials, using Poldhu for tran: 
mitting aud his yacht Elettra lor receiving. С. S. Franklin was put in 
charge of the transmission arrangements, which were to commence 
with a o7-meite wave, The results were spectacular, particularly when, 
during the second cruise of the Elettra, signals of a wavelength of 32 
metres were received in September 1924, both day and night, at Beirut, а 
range of 2.400 miles. Marconi had also made arrangements for associates 
in Argentina, Brazil, Australia, Canada and the United States to attempt 
reception, and again the 32-metre signals irom Poldhu were received 
successfully. for prolonged periods, in all those places, 

These remarkable results convinced the Marconi engineers that short- 
wave communication using directional aerials represented a practical 
alternative, more efficient and at a fractien of the cost, to the extensive 
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The granite сөш 
vite of the 


ну erected to commemorate the 


ormer wireless station 


scheme of long-wave high-power stations for Imperial Communications. 
оп which work had already started. It would need much more space 
than is available hi 


to tell the story of the resulting negotiations, but 
the result was that by 1927 short-wave 'Beam' transmission was in 
operation between England and the principal parts of the world at a 
telegraph speed that no long-wave or cable system had ever approached. 

Much of the research and engineering work for the ' Beam system’, 
particularly on the aerials and feeders, was carried out at Poldhu in the 
period 1924-27 under the direction of C. S. Franklin. It was there that 
the first tests of a flat beam aerial were made on 4-metres wavelength 
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and there also that the coaxial RF feeder was born, as a by-product of 
the difficulties experienced in using balanced twin-wire feeders for high 
power. 

After the acceptance of the Beam stations, Poldhu continued to be 
used for research and development work. Tests were made with wave- 
lengths down to 8-metres using a revolving beam aerial, and readable 
signals ta New York obtained for five hours out of the 24. The last 
important development was that of the Series Phase Aerial in 1932 
Shortly afterwards, no doubt hastened by the depression, the decision 
came to close down the station, whose existence for research purposes 
could no longer be justified in view of its remote situation, In 1937 some 
six acres of land along the cliff edge, together with а granite column 
commemorating the events described above, were presented to the 
National Trust, The recent bequest is the remainder of the Marco 
Company property in the area. 

We are again approaching a time when fundamental changes may 
occur in the means used for long-distance radio communication. Apart 
from its historical interest, the story of Poldhu, linked with that of 
Guglielmo Marconi, has shown that a bold approach, breaking if neces- 
sary with existing techniques and beliefs, can lead to great advances 


Telemetering and Remote 


Control over Radio Links 
S. SKOUMAL, Dipl-Ing, A.M.I.R.S.E 


The transmission of data over radio links for various purposes К 
ил increasing. One application which is becoming important 
is the transmission of telemetry and control information. In 
view of the increasing use of automatic techniques, this articte 
Will be of considerable interest 


1 INTRODUCTION 

IN THE LAST FIFTEEN YEARS Or 50 telemetering and remote control 
has reached a new position of prominence in industrial development. 
The basic concepts, however, date right back into the last century when 
the first devices appeared, With mechanical engineering well in the lead 
of technical progress, these devices were of purely mechanical construc- 
tion, consisting mostly of a system of rods, pulleys, chains, etc. Operation 
of signals and switch points from signal-boxes on the early railway 
installations can be mentioned as a typical example, The arrival of 
electricity on the industrial stage brought about the first revolution, 
particularly in remote control; all sorts of devices based on the remote 
operation of an electromagnet were brought into being. 

Between the wars steady, but by no means spectacular, progress was 
made. The concept of servo-systems was formulated but the application 
of the techniques remained limited mostly to public utility undertakings 
such as power distribution, public lighting, railway yards, ete. The 
remotely controlled operations were mostly simple change-overs from 
one condition to the other and were accompanied by simple forms of 
telemetering to indicate the state of the device. The complexity of the 
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Typical telemetery control room equipment 
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systems came mainly from their size, and concerned only the means 
of selecting the required points. The difficulties were met quite satisfac 
torily by well tried techniques borrowed from the telephone industry. 
The connection between the operator and the remote point was in- 
variably provided by a pair of wires, as the application of radio was 
not yet generally appreciated. 

Post-war developments constitute the second and by far the greater 
revolution in this field. The process which was started in the framework 
of wartime сон: never stopped. ‘The provision of telemetering and 
remote control equipment for a wide variety of applications has become 
an industry in its own right, based on theoretical foundations drawn 
from cybernetics and communication theory, and now plays an im- 
portant part in defence, data transmission, in the oil industry (for pipe- 
Une or refinery control) and in all kinds of manufacturing processes, in 
transport and elswhere. The increased demands on accuracy, speed of 
operation, reliability and size, brought electronic techniques into the 
field, and the volume of information to be transmitted over substantially 
increased distances, sometimes involving ground-to-air communication, 
involves radio links as an integral part of the system. The complexity 
of the systems, quite substantial already, is bound to increase, particu- 
larly when а computer is used as the central decision-making agency for 
a complicated system. 

The modern telemetering system must be designed and built as a 
communication link between computer and outstation. 


2 GENERAL CONSIDERATIONS 
2.1 TELEMETERING AND REMOTE CONTROL 

In principle, telemetering and remote control are two rather complex 
but entirely independent functions of what may be a single system. 
‘They are complimentary to each other in the sense that together they 
form a closed control loop. Telemetering providesthe means of gathering 
information from a remote location. and transmitting it, either con- 
tinuously or оп demand, to а control room. 

Remate control is the feedback loop whereby the distant equipment 
is controlled in response to information supplied by the telemetering 
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шиг: Typical outstation telemetery 
transmitting equipment 


Typical telemetery module. Modular 
‘onstruction based on printed boards and 


transistors is well tried in the computer 
field ат 


gives trouble-free service over lony 
periods 
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system. This control can be either manual or automatic. At present the 
automatic control loop is confined almost entirely to systems where 
the controlled and the controlling equipment can be connected by a 
line, while systems using radio links are mostly manually operated. With 
the advent of self-optimizing installations (i.e, installations designed 
to find the optimum settings for the operational parameters auto- 
matically) automatic readjustment of the control mechanisms will be 
required in response to the tclemetcred data (this is, of course, the 
essential characteristic of an automated installation). 

In а complex installation the transformation of the data into a control 
command is a process which may require solution by an electronic 
computer. To make the best use of its services, it is visualized that a 
single computer will control several outstations, and consequently will 
be situated in some central position, remote from all. Such an arrange- 
ment will require communications links of guaranteed accuracy И 
incorrect decisions are to be avoided 


arrangement of telemetery modules in a rack 
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2.2 ANALOGUE V DIGITAL SYSTEMS 
The choice between an analogue and a digital principle of operation 
primarily affects telemetering systems. The pros and cons of both types 
of system are numerous, and vary with each. However, some of the 
characteristics, such as accuracy, speed of operation. flexibility. applica- 
tion of error detection techniques. and equipment economy, can be 
discussed in general terms. 

In medern industrial telemetry, the measured quantity is converted 
at the input of the system into а steady AC or DC signal by the sensing 
element. In a digital system this signal is further converted into a train 
of pulses or binary digits (bits) before transmission, whilst an analogue 
system transmits the signal directly to the display instrument, where 
the measurement is shown or recorded as a function of its level. The 
difficulty in detecting the level with the required accuracy in the 
presence of noise makes analogue systems unsuitable when a transmis- 
ion link intervenes between the point of measurement and that of 
display. Digital systems, on the other hand, are largely free from this 
limitation, their accuracy being a function of the number of bits trans- 
mitted for each measured quantity. Moreover, it is possible in a digital 
system to transmit different parameters from the same outstation using 
characters containing different numbers of bits, dependent on the 
accuracy required. This makes the digital system very ilexible in appli- 
cation, and economizes in the overall transmission time from each out- 
station. Further, the digital system сап be provided with protection 
against errors by simple means, cheap in both the extra equipment 
required and the extra transmission time involved. 

Lastly, sight must not be lost of the fact that the demand for the 
presentation of telemetering data in digital form (such as ‘inline’ 
indicators, electric typewriters, lineprinters, etc) is on the increase. 
In such systems no advantage could be gained by transmission of signals 
in an analogue form and the choice between an analogue and a digital 
system docs not arise. 

16 can be concluded that the usefulness of analogue telemetering 
systems is limited to cases where a slow-speed low-capacity system is 
wired to operate over short distances with analogue displays 
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2.3 CHOICE OF SYSTEM TECHNIQUES 
To gain full advantage from a digital system, each piece of information 
(referred to from now on as a character) comprises combinations of 
two binary digits, namely o and т. Each bit can be conveniently repre- 
sented by one of two possible states of the amplitude, frequency or phase 
of an AC signal, according to the type of modulation used. ‘Thus, each 
character will be presented to the receiver as a series of amplitude 
changes, or as a series of frequency or phase reversals, 

In order to make economical use of the transmission path, tele- 
metering information from individual points at an outstation is generally 
transmitted using time division multiplexing. This is possible when 
some delay in communication between outstations and the control room 
is not of overriding importance. 

When time division multiplex is used, the telemetering transmitter and 
receiver mist be maintained in synchronism, and either synchronous 
or start-stop operation can be used. The chief advantages of synchronous 
operation are the greater protection against distortion, and the increased 
transmission speed due to the absence of start and stop bits. However. 
where more than one outstation is involved. the different transmission 
times, resulting from the different distances to the control centre, may 
require individual telemetering receivers for each remote transmitter 

‘This economic disadvantage is avoided when start-stop operation is 
employed. The telemetering receiver is then entirely under the control 
of the outstation transmitting at the time, and a single receiver can 
serve any number of them. Also, by adding start and stop bits at the 
beginning and the end of each character, transitions of polarity marking 
the beginning of cach character occur at regular intervals, easing identi- 
fication and stability problems. The greater vulnerability to the effects 
of pulse (or bit) distortion caused by the transmission path is not signi 
ficant, since high quality radio circuits are normally available in tcle- 
metering and telecontrol schemes. 

It can be concluded. therefore, that for wide application, a telemeter- 
ing system should use binary signalling with time division multiplex. 
Start-stop operation should be used to maintain synchronism between 
the terminal equipments, 
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244 TRANSMISSION ACCURACY 
The importance ot avoiding transmission errors has already been men: 
tioned, Errors may arise through noise or impulse interference on the 
comunication link, and therefore some form of protection is desirable. 
Ву virtue of the frequency with which readings are taken from indi 
vidual points, and because of the relatively tow speed at which control 
needs to be performed, simple error detection is sufficient at present and 
may be performed by the addition to the character of a checking, or 
parity, bit, the polarity of which is such as to make the total of one 
polarity either even or odd, irespective of the content of the remainder 
of the character, All single and some multiple errors can then be detected 
by simple “БИ” count. As the links likely te be used for telemetering 
circuits are generally engineered to give a signal-to-noise ratio of better 
than 404B for at least 99.9% of the total operating time, the residual 
character error rate will be substantially less than 1 in ro^ 

Although rare. an undetected error can have serious consequences 
when it occurs. This is particularly true when selection of one of the 
remotely controlled points at an outstation is concerned. To guard 
against this type of error, all remote control operations should be 
executed in stages with confirmation at the control room by means of 
revertive checks at cach stage 


5 COMPOSITION OF THE CHARACTER 


Each group of bits is known as a character, In a complete system three 
kinds of characters are involved; according to the nature of the informa- 
tion they convey. they can be referred to as metering, alarm or control 
characters. "They are all identical in composition, and vary only in 
information content 

In order to retain flexibility and to ease the design of the coding and 
decoding circuits, a binary «есіні code is preferable, Thus four bits 
can represent each decimal digit of the message, so that a two-digit 
message consists of eight, and a three-digit of twelve, bits of information. 
An accuracy requirement of 1 in тоо or + in 1000 is most frequently 


encountered and, therefore, either 8 or 12 bits is the normal informa- 
tion content of the metering characters, To provide protection, as 
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Ыы НЕШЕ ШИЕ wo} и 
sunt WASTOROMAL вст || MEGWOERGĦAL ост жшт = ттен NAĦAGTER 


Fig.1. Composition of 1 ibit character 


discussed in Section 2.4, a parity bit is added to each character before 
transmission. Lastly, start and stop bits are added, Thus a complete 
metering character will usually consist of 11 or 15 bits (Fig.1a). 

From the transmission point of view an identical character is produced 
if, instead of taking the 8 or 12 bits from the coding circuits, 8 or 12 
pairs of alarm contacts are examined. Such a character is then referred to 
as an alarm character (Fig.1b). Each information bit of this character 
then controls one display light on the control panel or a mimic diagram 
of the system at the control room. The supervisory signals, and signals 
confirming the selection of the remote control point, are also trans- 
mitted by means of these characters. 

Control characters are made up in the same way as previous types: 
normally an information content of only 4 or bits is required, accord- 
ing to the number of control points at the outstation. The purpose is 
merely that of selection of a particular point prior to performing the 
required operation. 


2.6 SYSTEM OPERATING SPEED 

The measure of the telemetering speed is the time which elapses between 
two successive reports from a particular telemetered point. This period 
depends equally on three factors: 

(i) Length of the metering character 

(ii) Number of telemetered points in the scheme 
(iii) Telegraph speed of the transmission path. 

While the design of any system should retain maximum flexibility, 
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certain parameter values are more frequently encountered than others, 
The length of the metering character will depend on the accuracy 
required. The average number of telemetered points at any one out- 
station is in the neighbourhood of то. The number of cutetations in a 
scheme varies considerably, and то represents a scheme of reasonable 
size. The speed of the telegraph channel is usually chosen to be 50 bits 
per sec, but the design of the driving circuits should be such that other 
transmission speeds could be used. 

Thus, taking as an example a ten station scheme, cach requiring 
metering ef 10 points to an accuracy of т in 1000 over ро bits/sec 
channels (duration of 1 bit = 20 m.sec) the interval between measure- 
ments will be 10 10 15 X20 X 10 '—30 secs. This is sufficiently Fre- 
quent for most applications at the present time. but can be substantially 
reduced where necessary. Eicher a faster channel can be used or the 
outstations can be divided inte groups, and each group regarded as an 
individual system, the correct decision depending on the particular 
scheme. 


202 MESE ши 
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Fig. Radial arrangement of (our outstations 
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Figs. Typical single channel radio equipment 
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3 COMMUNICATION SYSTEMS IN T 

AND TELECONTROL SCHEMES 

^ standard go-baud telegraph channel is the most convenient trans- 

mission medium for a telemetry system. Where adequate telephone 

communication links exist between the control centre and the controlled 

points, it is frequently. possible to superimpose the telegraph channel 

within the speech band of the telephone link, The precise arrangement 

will depend on the arrangement of the system. In general, this takes one 
or two basic forms: 

(i) When outstations are situated radially from the central control 
room (such as in process plants, local public utilities, oil fields, 
refineries, ctc), 

(ii) When outstations are placed along а definite route (such as pipe- 
lines, distribution networks, etc), 
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In the first case ап economical system can be provided by links carry- 
ing a single speech channel with a telegraph channel superimposed. А 
schematic diagram of such a system is shown in Fig.2 and typical single 
channel radio equipment in Fig.a. In its simplest form, the communica- 
tion equipment at each outstation and at the control room consists only 
of a single transmitter, receiver and telegraph terminal unit. The 
scheme operates on a single pair of frequencies, “до” and ‘return’, by 
providing for operation of each outstation in turn, in response to interro- 
gation from the control room. By duplicating the communication equip- 
ment, and introducing a second pair of frequencies, а refinement of 
operation can be introduced, permitting interrogation of outstations to 
be maintained continuously while a remote control operation is in 
progres 

The second type of system is usually extended over a considerable dis- 
tance along some kind of route and is ideally suited for multichannel 
point-to-point radio links. Аз before, one speech channel and one tele- 
graph channel will be required per outstation. However, instead of 
combining speech and telegraph channels on an outstation basis, 
standard multichannel practice should be followed, combining all tele- 
graph channels together by means of VF equipment in a single speech 
channel, and dropping them at individual outstations together with 
appropriate speech circuits. This is shown schematically in Fig. and 
typical multichannel radio equipment is shown in Fig.. Individual out- 
stations again report in response to interrogation, and to avoid interrup- 
tion of routine calls when remote control is required, a second pair of 
VF channels per outstation may be needed 


4 TYPICAL TELEMETERING SYSTEM 
4.1 PRINCIPLES OF OPERATION 
An economical design for a telemetering system can be based on 
centralized control, in which case a single telemetering receiver at the 
control room can serve any number of outstations. (This solution impli 
that the control room communicates with each outstation only at its 
own request.) Interrogation calls are then sent periodically to cach in 
turn, and cach call is followed by a full report of the conditions there. 
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At the end of the report, the next outstation is interrogated, aud so on, 
For the period between two successive interrogation calls, conditions 
remain unmonitored. However, as shown by the example in Section 2.6, 
these periods are normally short, and can be controlled by the design 
of the system, 

‘The general arrangement of a system using centralized control is 
shown in Fig.6. The station calling codes are selected by the station 
distributor and passed to the transmitter at the central control room. 
The code is received by all receivers, but detected only at the required 
outstation. On detection of the call, the local transmitter is activated, 
transmitting the station identity code, which is checked at the central 
control station against the code originally transmitted to ensure correct 
outstation identification. The time multiplexing distributor then com- 
mences the scanning cycle of all points at the outstation. On cach step the 
analogue signal from cach transducer is converted into a digital tele- 
metering character, as described in Section 2.5, prior to transmission. 
When received in the contro! room, the character is momentarily held 
in a character register before being routed to the appropriate display or 
logging position (selected by a system of ‘gates’ controlled jointly by 
the character and station distributors). 

At the end of each scanning cycle, a station clearing signal is trans- 
mitted, On receipt of this signal a decoder at the control station steps 
the station distributor and selects the calling code of the next outstation, 
when the whole process is repeated. 

An outstation has to repart readings of a variety of parameters (rate 
of flow, temperature, number of revolutions, stroke rate, ete), Each 
parameter is detected by a transducer specially constructed for the 
purpose, the outputs of which depend to some extent on the function 
being measured, To obtain uniform signal levels, the output of each 
transducer feeds a converter (the analogue transmitter) to produce a 
standard AC or DC signal. 

The conversion of standard signals into digital signals will take place 
usually on а time-sharing basis in an analogue-to-digital converter 
(ADC), which in Fig.6 forms part of the data handling circuits, Where 
the number of telemetered points at an outstation is small (say five or 
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less}, it is шеге economical to dispense with the ADC and to convert 
the analogue signals before multiplexing by means of individual rotary 
digitizers (sce Fig.7) driven by the analogue transmitters. Their outputs 
can then be multiplexed and handled as before. 


4.2 DISPLAY AND LOGGING FACILITIES 
A convenient digital display can be arranged by means of ‘in line" 
indicators (Fig.8). any number of which can be mouuted together to 
provide readings of any required accuracy. For analogue displays. con- 
ventional recorders or dial instruments arc an obvious choice and a 
typical recording unit is shown in Fig. The display units can be 
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Fig& Projection type "in line" indicator— the Figo. Typical recording uni 
required numeral is projected оп the screen 
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mounted either on the control desk or on the equipment cubicles or they 
can be associated with a mimic diagram of the system. This last arrange- 
ment is particularly useful in respect of displays of monitoring, super- 
visory or alarm signals. 

To provide a permanent record of the operation of the system, a log- 
ging lineprinter or an electric typewriter should be attached to every 
control room equipment in order to record automatically any abnor- 
mality in system operation. 


5 REMOTE CONTROL, PRINCIPLE OF OPERATION 
Reliability in a telemetering system is important. It is even more im- 
portant in the execution of control functions, and some form of revertive 
check must be used in the process of selecting a remote point for contral 
purposes. 

The most effective method is to use separate systems of keys for the 
selection, firstly of outstation, and then of the final control point, each 
selection being confirmed by revertive check before the next is at- 
tempted, A master key controls the operation once selection is complete. 

Two types of remote control are generally required (in both cases the 
operation is limited to the change of state of a relay which actuates a 
local control). In the first case, the selected relay becomes energized or 
de-energized on receipt of a special code, while in the second, it becomes 
and stays energized for the duration of a continuous signal. The latter 
requires two types of signal, to determine, firstly, the direction of the 
control and, secondly, its initiation and duration, This is achieved by the 
use of separate tones, which operate relays associated with each direc- 
tion of control while the signal is being received. The relays actuate the 
local servo-mechanism. The progress of the operation is observed on the 
display unit of the telemetering system connected to the affected para- 
meter. Provision can be made in the distributors, cither to monitor the 
affected parameter continuously, or to shorten the scanning cycle of the 
system if the nature of the control so requires. 


6 CONCLUSION 
The discussion has shown that telemetering and remote control of an 
installation over radio links is entirely practical providing that the 
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system is engineered to meet certain conditions. The design of the tele- 
metering and remote control equipment should be based on the digital 
principle, using binary notation for ease of detection and binary decimal 
coding for simplicity of the coding and decoding circuits. Time multi- 
plexing of the ielemetered information will give maximum economy of 
communication channels, and the startstop principle of transmission 
room must be of suitably high quality. so that undetected transmission. 
will minimize the quantity of equipment at the control centre. Lastly, 
the radio links connecting the individual outstations and the control 
room must be of suitably high quality, so that undetected transmission 
errors remain within the limits determined by the required reliability 
of the system. 
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А Tropospheric Scatter 


Link over a 200 mile Path 


G. L. GRISDALE, B.Sc, Ph.D, and 
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The literature on tropospheric scatter propagation is extensive, 
but little has been published on operational systems, This article 
reviews the performance af an operational link, carrying various 
1ypes of traffic over a period of a year. 


г INTRODUCTION 
A CONSIDERABLE AMOUNT of information has been published 
about radio propagation over the horizon using forward scatter from 
the troposphere; little has appeared on the application of the phenome- 
non for practical communication purposes. 

The previous work indicates that, given sufficient transmitter power 
and aerials of the required gain, a link capable of carrying traffic with a 
high degree of reliability is a practical proposition. To prove this in 
practice, and permit critical evaluation under practical conditions, a 
full-scale system was set up. The main objects of this experimental link 
were the demonstration of multi-channel telephony and telegraphy, the 
development of equipment for production, and the confirmation of data 
for the planning of operational systems. The link operated in one direc: 
tion only but was capable of carrying 24 telephone channels with spaced- 
aerial diversity at the receiving station. Several methods of modulation 
were investigated and finally a television picture was transmitted over 
the link. 

The only practical source of high-power at UH is the klystron power 
amplifier. As tubes were available capable of producing rokW at fre- 
quencies below 1000Mc/s, it was decided to operate the link in this 
band, A frequency of 8£8Mc/s was allocated. 

The link was operated from March 1958 to May 1959 and the results 
confirmed that such a system would give reliable communication over 
terrain where the provision of repeaters was impracticable. 
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2 SITES FOR TERMINAL STATIONS 
Тһе choice of sites for tropospheric scatter terminals must be made 
care, as the path attenuation increases rapidly as the angle of elevation 
of the aerial beam is increased. Conversely, a reduction of path attenua- 
tion is obtained if the horizon allows the beam to be depressed below the 
horizontal, as is the case with an aerial on high ground overlooking the 
sea. 

‘The acquisition of suitable sites in England presented some difficulty, 
as sites separated by the chosen distance with no obstructing foreground 
and with adequate power supply are few in number and were not neces- 
sarily available. In the circumstances in which tropospheric scatter links 
are likely to be used, however, for example over sca paths and in sparsely 
populated areas of the world, these difficulties are not likely to be as 
great. 

Tor this experimental demonstration link, most of the active work 
would occur at the recciving end, so this should be located near to the 
development laboratory; a site was acquired on a disused racecourse ax 
Galleywood, near Chelmsford, at a height of 250 feet above sea level. At 
this site, a horizontal beam would be negligibly obstructed by higher 
ground in any direction between SW and N. 

The transmitter site was near the broadcasting station at Start Point, 
206 miles (330km) from Galleywood. and 400 feet above sea level. The 
first 66 miles of the path was across the sea at Lyme Вау. with negligible 
obstruction from the hills at the other side of the bay. so that the trans- 
mitter beam could be depressed by about 0-4”. The route and profile 
are shown іп Figs.1 and 2. from which it can be seen that the route 
passes over London, Farnborough and near London Airport. Because the 
elevation angles are not the same, the common volume enclosed by the 
aerial beams is east of the mid-point, at a height of 5000 to 10000 feet. 


IRIMENTAL SYSTEM 

34 AERIALS 
For this one-way link, one aerial was required for transmission and two 
spaced aerials for diversity reception, Parabolic dish reflectors 30 fect 
in diameter with a focal length of 10 fect were employed. The dishes 
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were illuminated by a hora, centrally mounted in front of the dish, and 
fed by a 3/4 inch concentric feeder for the transmitter and by 1% inch 
helical membrane coaxial feeder for the receivers. The dishes were 
constructed of solid sheet steel and gave a calculated and measured 
plane-wave gain of 36dB at 1000 Mc/s. The dish and feedhorn could be 
moved, both in azimuth and elevation, by - 2° for the purpose of align- 
ment in the optimum direction. The Start Point aerial is shown in Fig.3. 
Final alignment of the aerial to give optimum signal can be a problem 
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since the scatter signal strength is continually changing, It is helpful 
to use a wide beam receiving aerial when the transmitter dish is aligned ; 
the narrow beam receiving aerial can then be correctly adjusted. It is 
convenient to use the feedhorn for this widebeam aerial, turning it 
round to face the transmitter instead of pointing to the dish. 

Both horizontal and vertical polarization could be employed as it 
was intended to use the isolation between the vertical and horizontal 
probes in the feedhorn as a part of the receiver protection when operat- 
ing a receiver from the same aerial asa transmitter, Thus in one direction, 
the transmission could be vertically polarized, and in the other hori 
zontally polarized. The transmitter frequency is usually spaced from the 
receiver frequency by at least so Mc/s; with a frequency spacing of 
до Mc/s, the selectivity of the receiver is not sufficient to attenuate the 
local transmission to a level at which damage or cross-modulation will 
not occur in the receiver. From theoretical considerations it was decided 


Hla, 10kW tropospheric scatter transmitter 
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to introduce at least 100dB attenuation in the receiver feeder at the 
transmitted frequency. This attenuation was obtained in two ways: 


tion 


(a) Isolation in the horn due to the use of cross polari 
(b) Coaxial-line bandpass filters in the receiver feeder. 

‘The receiver protection against the transmitter frequency consisted 
of 4odB polarization protection and signal filter rejection of 6odB. With 
а 16kW transmitter this would give —GodBW at the receiver input 
which, coupled with the protection provided by the receiver itself, is 
adequate, 

3.2 TRANSMITTER 

The transmitter which was sited at Start Point is shown in Fig.4. It uses 
a four-cavity power klystron capable of delivering a power of ОКМ at 
frequencies of 600—970Me/s. The excitation required for full output 
varies with the cavity adjustment for different bandwidths, but does 
not exceed 1 УУ. For the Start Point experiment, the transmitter had а 
half-power bandwidth of 6Mc/s. The 10kW output corresponded to the 
limit of the linear input/output characteristic of the amplifier. Although 
frequency-modulation does not require such linearity. it was necessary 
for the single-sideband modulation anc the two carrier tests. 

For radiating frequency-modulated multi-channel telephony, two 
methods of producing the excitation power at final radiated frequency 
are available. Either the output of a suitable frequency modulator may 
be multiplied up to the required Frequency, or the FM signal may be 
generated at a suitable intermediate frequency, and translated to final 
frequency in a mixer circuit. Modulation equipment using both methods 
was provided for the transmitter. One drive circuit (shown in Fig.s) 
employed a frequency modulator operating at a frequency in the region 
of 2Mc/s, capable of accepting modulation up to roSke/s, followed by a 
series of multipliers, finally producing 858Mc/s which could be fed to 
the kivstron. The alternative drive unit (Fig.6) utilized а crystal- 
controlled local oscillator of 824 Mc/s and a balanced mixer, a 35 Mc/s 
modulated signal to the balanced mixer produced 858Mc/s, which was 
then amplified by lincar power amplifiers to provide the klystron 
excitation. 
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The drive using multiplication was used only for 24-channel tele- 
phony, but the wideband frequency changer system could be used for 
experimental purposes with any of the following modulations: 

(a) 24-channel telephony with frequency modulation 


(b) Frequency modulation up to 4 Mc/s bandwidth 
(с) Pulse amplitude-modulation for propagation tests 


(d) Crystal controlled drive giving high-stability carriers 
(е) Singlesideband modulation with 24-channel telephony. 
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Although the system was basically designed for 24 telephone channels, 
only two live channels were provided for demonstration purposes. one 
in the band 16-20 kc/s and the other from 88-92kc/s. To simulate full 
traffic loading, a white-noise generator was provided, with appropriate 
filtering, to fill in the vacant channels. The telephone channels could be 
modulated from a telephone handset. high quality microphone, records, 
broadcasting or frequency-shift telegraph signals, as well as the usual 
tone sources for measurement purposes, Towards the end of the experi- 
ment, a television monoscope camera and sync-generator were installed 
to feed the wide hand FM modulator in order to transmit a test card over 
the link. 


3:3 RECEIVERS 
The arrangement of receiving equipment at Galleywood is shown in 
Fig.7. The two receivers were cach fed by a separate dish to give space 
versity. Operating on 858 Me/s, they comprised rat-race mixers, head 
IF amplifier, main IF amplifier, limiter and Round-Travis discriminator. 
For 24-channel working the main IF bandwidth was ВооКс/5, centred on 
45Mc/s. Automatic gain control was included to accommodate the large 
range of signal inputs, 

The noise factor of the receiver is of paramount importance in a 
system in which high transmitter powers are used to achieve satisfactory 
performance. In the UHF frequency range, consideration must be given 
tothe relative merits of valve amplifiers, low-noise mixers and travelling- 
wave tubes. In the experimental receivers a rat-race type of mixer using 
two crystals was used, largely because a suitable well-tried design was 
available for radar applications at a slightly higher frequency than that 
allocated; the noise factor of this mixer was 808. 

For a production receiver (shown in Fig.8), a grounded-grid amplifier 
was developed, using a disc-scaled triode with concentric line tuning 
The noise factor of this amplifier was 6-5 to 8dB over the frequency 
range. The input filter contributed a further loss of т to 1-5dB. There 
were several reasons for adding the valve amplifier; it could be tuned to 
the band 610 to 970 Mc/s without modification, whereas a typical design 
r covered only 5oMc/s: the input filters require a match 
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of better than 1-2 VSWR over the receiver passband, which can be ob- 
tained only at the centre of the rat-race frequency range ; also, difficulty 
can be encountered in a crystal mixer because the impedance of the 
input circuit at the intermediate frequency is coupled to the output 
through the crystals. causing large variation of performance. (The last 
two points can also cause great difficulties with parametric amplifiers, 
where the noise factor is very dependent on the input matching 
conditions.) 

The demodulated baseband outputs of the two receivers were com- 
bined as a function of their instantaneous signal-to-noise ratio to give 
the optimum signal-to-noise ratio at the combined output.’ This was 
achieved by amplifying a band situated above the highest modulation 
frequency, and rectifying the noise contained therein to produce a DC 
ias which is fed to the grid of a cathode follower in the demodulated 
output of the receiver. The two cathode followers of the two receivers 


d 


troposph 


8. Typical 
atter divers 


44 POINT TO POINT TELECOMMUNICATIONS > OCTOSER 1960 


have a common cathode load, and the signal appearing across this ioad is 
fed to the line amplifier. Thus, at any instant, the receiver with the better 
signal-to-noise ratio made the greater contribution to the combined out- 
put. This simple form of combiner was found to give a diversity рег 
formance very close to the optimum, provided the signal and control 
voltages were selected with care. 

The 12-108kc/s output from the line amplifier was fed to the channel- 
ling equipment which translated the two channels :6-20ke/s and 88-92 
kc/s, used for the demonstration link, down to audio frequency. 

The output of the channelling equipment could be connected to tele- 
phone handsets, monitor loudspeaker, tape recorder or, via a tone 
telegraph bridge. to a teleprinter. 

For receiving television pictures or pulse transmissions, а 6Me/s IP 
amplifier and FM demodulator could be connected to the output of the 
head IF amplifier. Spaced-aerial diversity was not used during the 
television tests. 

Facilities were provided for continuousty recording the level of the 
received signal. This was achieved by the provision of an additional 
amplifying chain connected to the output of the head IF amplifier of 
each of the receivers. Two recorders were used, one for continuously 
recording the signal level throughout the day and the other, a fast-acting 
two-channel recorder, for intermittent recordings of the fading charac- 
teristics of the received signal. A logarithmic amplifier with a 20-second 
time constant. (to eliminate fast fading effects) was incorporated in the 
chain feeding the slow recorder. The recording amplifiers of the two 
receivers could also feed a rack of counting equipment capable of pro- 
viding a statistical analysis of the fading signal, aad the correlation exist- 
ing between two received signals." 


4 THE EXPERIMENTAL PROGRAMME 
The link commenced operation on the тив March, 1068, and, except 
for two gaps of a month, continued until 29th May, 1959. It was con- 
sidered desirable that the transmitter should be attended, and this was 
the limiting factor in deciding operating hours of the system. The 
receiving terminal could operate unattended, but in general it was 
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necessary to staff the station in order that tests could be made and 
demonstrations performed. Operation was generally for eight hours a 
day, five daysa week. To gain experience of propagation at various times 
of day and night, however, the hours of operation were varied over three 
shifts of eight hours; a complete 24-hour cycle being accomplished in 
three weeks. A 36-hour continuous run was also made. 


АЛ PATH ATTENUATION 
It was anticipated that the highest path loss would occur during the 
winter months, This was not confirmed over the period that the link was 
operated, as unusually high signals were recorded during the winter 
1958/1959. This was possibly due to the high humidity during that 
period (on one day the path loss actually corresponded to line-of-sight 
attenuation). 

In order to record continuously the level of signal received, a pen 
recorder operating at 1 inch per hour was fed with mean signal level 
information, Fig.p shows some typical records obtained from the slow 
recorder with a 20-second time constant. The recording made on the 
sth September, 1958, is unusual, because at approximately 09.30 hours 
the signal increased to such an extent that it excceded the range of the 
recorder, necessitating a reduction in the gain of the amplifier. The 
sudden, large changes of signal strength experienced on that occasion 
were unusually high, and coincided with the occurrence that evening of 
опе of the worst storms ever experienced in England. These violent 
fluctuations were not experienced at any other time during the period 
of the tests. From the slow recordings obtained during the operation of 
the link, the monthly median levels have been computed and are shown 
in Fig.1o, These generally agree with the results published by other 
workers, 

An additional amplifying and frequency changing channel for each 
receiver fed a two-channel high-speed pen recorder. This recorder could 
operate at a speed of up to 24 inch/min. and would respond to frequen- 
cies up to сас/8. It was used to give an accurate record of the rapidly 
fluctuating signal for periods of several minutes; Fig.r r shows examples 
of these recordings. The characteristic beat caused by an aircraft flying 
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in the common volume of the aerial beams can be seen in the lower 
recording. Because this intersection of beams was located in a region of 
high aircraft density, this type of regular fading occurred frequently. 
Ik was reduced by diversity working. and did not seriously affect tele- 
phone communication. 


4.2 TELEPHONE CIRCUIT PERFORMANCE 
The speech quality received over the channels was consistently good, 
providing for most of the operating time a signal-to-noise ratio adequate 
for commercial telephone service, although not conforming to the high 
standards demanded by C.C.LR for microwave links.” Fast fading caused 
‘drop-out’ of signal below the threshold level of ihe receivers, but this 
was of such short duration that it manifested itself as a ‘click’. 
Subjectively this was of little importance on telephony and in any 
case was greatly reduced by diversity working. The signal-to-noise ratio 
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in the 24th channel is shown in Fig.ro. It is 1748 inferior to that of the 
її channel, 

Comparative magnetic tape recordings were made between а tele- 
phone conversation over the normal trunk line to Start Point and that 
received via the tropospheric scatter circuit (an HF SSB system provid- 
ing the return path). Identical telephone handsets were used in cach case 
with an external magnetic pick-up coil. The tropospheric scatter circuit 
compared favourably with the land-line, the latter providing a signal 
considerably down in level and with inferior signal-to-noise ratio, 


43 USE OF COMPANDORS 
It is desirable on an FM radio link that a speaker should produce the 
maximum deviation that the system allows in order to provide the 
highest signal-to-noise ratio. The compandor attempts to do this by 
compressing the dynamic range of speech on the audio channel in order 
to provide a higher average level of modulation, and expanding it at the 
receiving terminal to restore the original dynamic range. 

Compandors were installed at each terminal of the tropospheric 
scatter link so that they could be inserted into either channel as desired, 
A number of comparative tape recordings of speech and music were 
made with and without compandors on the link, under a variety of con- 
ditions of signal strength. The tests were made with full and reduced 
transmitter power, with and without diversity, in good and poor propa- 
gation conditions. A poor telephone line was simulated by reducing the 
energizing voltage оп the telephone handset. The compandors were also 
tested with SSB modulation under poor propagation conditions extend. 
ing over a considerable time, 

It is difficult to come to a definite conclusion as to the results of the 
tests, as they relied on the subjective impression of the observers who 
listened to the comparative recordings. However, certain conclusions can 
be drawn. An improvement in signakto-noise ratio was, in general, 
apparent from the use of compandors but in other respects the impres- 
sion gained was unfavourable, The time constaats of the expander and 
compressor were such as to operate within syllables of speech, and 
this tended to give а peculiarly clipped effect to the received speech. An 
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additional complication was introduced by the diversity combiner, 
which tended to suppress noise bursts and introduced a variable gain in 
the channel which affected the operation of the expander. It is not pos- 
sible, therefore, as a result of these tests, to arrive at an agreed opinion 
that compandors provide improved intelligibility. It would appear desir- 
able, however, that some means of maintaining an adequate level of 
modulation on weak telephone calls should be employed at the trans- 
mitter to enable the best signal-to-noise ratio to be obtained. A constant 
volume amplifier in each channel of the transmit path having a com- 
paratively long time constant would possibly provide the necessary 
improvement, The consequent lack of dynamic range at the receiver is 
unlikely to affect intelligibility seriously. 
44 TELEPRINTER OPERATION 

The short drop-outs which occur due to fading with tropospheric scatter 
propagation are a factor which jeopardize the operation of teleprinters 
on such circuits. Accordingly, trials were arranged using a teleprinter 
operating from frequency-shift VF telegraph equipment. Tests were con- 
ducted at various levels of tone into а channel and with reduced trans- 
mitter power to simulate condition of high path loss. It was found 
possible to obtain satisfactory copy with a tone level of —18d8m into 
the two-wire point of the channelling equipment. (At —18dBm each 
telephone channel would accommodate seven telegraph channels.) 
Diversity working was, however, essential as the short bursts of noise 
occurring during fading would otherwise cause errors. Convincing 
demonstrations were made by operating the teleprinter with and with- 
out diversity (Fig.12). The improvement in transmission is very obvious 
for telegraph transmission, whereas on telephony the subjective im- 
provement is more difficult to assess. 


4-5 COMPARISON OF FREQUENCY MODULATION AND 
SINGLE SIDERAND. AMPLITUDE MODULATION 

The telephone channelling equipment uscd on radio links usually 

translates the audio speech bands to a series of single sideband signals 

at higher frequencies. This spectrum is then applied to a frequency 

modulator for transmission over the link. 


A TROPOSPHERIC SCATTER LINK OVER A 200 MILE PATH 13 


Ап alternative method of transmission is to translate the spectrum 
appearing at the output of ihe channelling equipment to the required 
radiated frequency. 

For a 24-chaunel system using FM, the signal-to-noise ratio is 17 dB 
better for channel 1 than for channel 24. Using SSB all channels have 
the same signal-to-noise ratio, and this is 2dB worse than for FM on 
channel 24. (These calculations assume that the received signal level 
is above the threshold of the EM receiver: as the signal drops below the 
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threshold level, the signal-to-noise ratio will deteriorate at a greater 
rate in the FM case than with SSB.) The comparison of different modu- 
lation systems depends upon transmitter power. In the present сот- 
parison the FM carrier power was assumed to be the peak power on 
SSB. This was the practical limitation for the transmitter klystron in 
use, but other types of valve may give higher peak power as linear 
amplifiers than under continuous output (FM) conditions. 

In order to compare the relative performance of the two systems, 
an SSB modulator and demodulator were developed for installation on 
the link, Practical filter design requirements necessitated that the 12-108 
ke/s channelling equipment output (or baseband) was translated to 
final frequency in several stages. Fig.rg shows the clements of the 
system (a pilot carrier was required to correct for frequency drift in 
the system). As diversity equipment was not available for SSB recep- 
tion, comparative tests between SSB and FM were performed without 
diversity in both cases. In practice the measured difference in signal-to- 
noise ratio was of the order indicated and subjectively there was little 
apparent difference between the systems. 

In order to provide comparisons under low-signal conditions when 
the received level was near the threshold of the FM receiver, the 
transmitter power was reduced. It was apparent that during a fade the 
signal would disappear for a longer period of time in the FM case than 
occurred with the SSB signal, but in other respects there was no apparent 
superiority of performance of the SSB over the FM. 


4.6 DIFFERENTIAL FADING 
The bandwidth that can be usefully employed on a tropospheric scatter 
circuit is limited by the range of frequencies over which the sidebands 
will fade simultaneously. In order to investigate this problem, provision 
was made to radiate two carriers simultaneously from the Start Point 
transmitter, These carriers, which were ervstal-controlled, could be 
spaced up to 6 Mc/s apart. At the receiving terminal, both carriers were 
present in the head IF amplifier, after which they were separated by 
connecting the two high-speed recorder channels to the same receiver 
and tuning the oscillators in each frequency-changing circuit to select 
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аз, Block diagram of SSB modem 


the appropriate frequency. Examination of the fast recording chart 
indicated that up to 1Mc/s spacing, the two carriers faded simul- 
tancously, whereas with 2Mc/s spacing the received carriers were 
uncorrelated 


As an alternative to analysing the correlation of the two signals by 
examination of the recorder chart, ix was possible to feed the two 
carriers to a system of counters which recorded the number and length 
of fades in each case, and also the number and length of coincidence 
fades. 

^ further method of displaying differential fading was employed 
using the television frequency modulator to swing the frequency of the 
transmitter + 3 Mc/s at a frequency of 1000c/s. At the receiver the 
amplitude of the received signal was displayed using the discriminator 
output as a tine base. The display showed that many of the deep fades 
affected only a small part of the passband and appeared to move across 
it. During aircraft ‘flutters’ two or three fades were observed іп anti- 
phase, giving the overall display the appearance of а sine-wave. Very 
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rarely did the whole passband fade oat simultancously. The 1 Mc/s 
bandwidth free from selective fading agrees with the figure estimated 
from the length of the path and the aerial beamwidths. If a wider band 
is required, larger aerials should be considered 


47 TELEVISION 
During May 1959, a test card picture from а monoscope and associated 
synchronizing generator was transmitted from Start Point, During the 
period of the tests (April/May 1959) the signals received at Galleywood 
were quite average 

Frequency modulation was used for the television experiment because 
it was considered that fading would have a greater effect on an SSB 
transmission, and because the link could be more easily adapted for FM 
television. The maximum half-power bandwidth that the klystron in the 
transmitter could be adjusted to provide was in the region of 6 Mc/s. At 
the range of 200 miles this bandwidth would be subject to considerable 
differential fading. Despite this limitation it was decided to proceed with 
the tests. In order to use the restricted bandwidth to maximum ad- 
vantage the highest video frequency was limited to 2 Mc/s, and the peak 
deviation to 1 Mc/s. With а 6Me/s bandwidth and a receiver noise 
figure of 10dB, the receiver threshold is — 117 dBW. A signal of — 110 
ABW at the receiver input will provide a picture with a signal-to-noise 
ratio of 1148 (allowing the synchronizing-pulses to occupy 50% of the 
video waveform) and would appear to offer an inadequate fading mar- 
gin for a reliable television picture, A received level of — roo ABW and 
upwards, however, would provide useable service. 

At an input level of —110 dBW, the test card displayed on a monitor 
clearly exhibited the 2Mc/s bars, and although the fading caused 
momentary disappearance of the picture from time to time, a useable 
picture was available most of the time. The noise was not as apparent as 
one would expect, probably due to the fact that the larger part of the 
noise power was concentrated in the higher video frequencies. A certain 
amount of multi-path distortion was evident at times in the form of 
echoes. 


А TROPOSPHERIC SCATTER LINK OVER A 200 MILE PATH 57 


At signal levels of — roo dBW and above, the received picture became 
quite good although echoes still made their appearance and momentary 
disappearances of the picture still occurred, and bearing in mind that 
diversity was not used, the television tests were more successful than 
had been expected. Fig.14 (page 48) shows the received picture at 
Galleywood at various stages of a fade. The quaitty of the received pic- 
ture cannot be compared with that obtainable on line-of-sight links or 
lines, but may be acceptable in cases where tropospheric scatter is the 
only means of transmitting a television picture. The provision of an 
audio channel to accompany the television picture would, however, 
present some difficulty, The use of quadruple diversity would affect a 
considerable improvement in the reduction of fades; however, the 
design of a diversity combiner for television gives rise to a number of 
problems. 


4.8 AIRCRAFT FLUTTER 

It would be wrong to attribute too much importance to the fading 
phenomenon caused by multi-path propagation when the signal reflected 
from an aircraft interferes with the normal tropospheric scatter signal. 
This occurred very often during the working of the experimental link 
because the path passed through one of the highest aircraft density arcas 
in the country, including both Farnborough experimental airport and 
London Airport. Despite the frequency of occurrence, the fading at no 
time threatened telephone intelligibility, and the diversity arrangement 
gave the same protection against aircraft flutter as against any other 
rapid fading due to multi-path propagation. On telegraphy the same con- 
siderations apply as for ordinary fast fading. 

The rapid fading associated with aircraft reflections occurs frequently 
with television broadcasting, and in this case the effect is observed when 
the aircraft is near to the receiving aerial. With tropospheric scatter 
transmissions however, the narrow aerial beams at transmitter and re- 
ceiver effectively confine the phenomenon to the areas in which the air- 
craft is in both of the beams simultaneously (i.e, the common volume). 
Calculation of reflected power indicates that this would be expected, and 
the observed maximum rate of flutter of about 20 cycles/second, com- 
bined with the likely maximum aircraft speeds, confirms this result. 
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Fig.r1 includes a signal strength recording in which aircraft reflections 
produce very deep fading at times, indicating that the reflected signal 
was nearly equal to the normal tropospheric scatter signal. The beat is 
due to the relative change of path length due то the aircraft velocity: it 
the aircraft flies across the path. the flutter frequency drops to zero, 
rising again as the aircraft passes out of the other side of the beam. 

The movement of aircraft was observed with radar at the time when 
flutter occurred. It was often difficult to identify with certainty the air- 
craft causing a particular flutter, but several cases were observed when 
aircraft caused flutter when they crossed the beams near the mid-point 
of the path. A height finder was used to confirm that aircraft crossing 
the path at 40000 feet never caused the effect, being above the maxi- 
mum height of the beam. 

Observations with pulses radiated from Start Point and received at 
Galleywood showed that the received pulse amplitude fluttered in the 
same way as continuous radiation when an aircraft was present; double 
pulses were never observed, ‘This confirms the suggestion that the air- 
craft must be in the same region as the scatter patch, since a reflection 
from outside this area would produce an observable path difference, 
with two steady received pulses. 


5 CONCLUSIONS 
The measured signal strengths obtained with this experimental link 
agree in the main with the predicted values. The median signal strength 
variation was as high as Во dB during the year, and receivers must be 
designed to handle this condition, 

With the aerial gains and transmitter power used, reliable communi- 
cation can be provided with a 24-telephone-channel system over a 200- 
mile path for 99% of the time, providing that diversity reception is used 
and there are no high obstructions in the terrain covered by the path. 
Experience in operating the link has proved a necessary preliminary to 
developing satisfactory production equipment, and in system planning, 
The results apply. of course, to operation in a temperate zone and do not 
necessarily apply to tropical or arctic regions. 
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For operational links it is desirable to use wherever possible a quad- 
ruple-diversity system using two transmitters and four receivers at each 
terminal. In addition to the improved performance due to high-order 
diversity, the reliability is greatly increased as half the equipment at 
each terminal operates as an active stand-by. 

The future application of tropospheric scatter communication is 
largely influenced by ecenomie considerations. The highest quality 
communication will continue to be provided by line-of-sight links, where 
the path permits the installation of repeaters, but for paths over sea or 
inhospitable terrain, the quality provided for medium-capacity services 
by tropospheric scatter propagation should be adequate for most pur- 
poses. Although the acrials and high-power transmitters are more costly 
than for line-of-sight systems, the elimination of six or seven inter- 
mediate repeating stations provides a compensating saving, so that the 
cost difference may not be great. 
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